Abstract: An article published in this Journal argued that New Zealand does not apply a cost-effectiveness threshold because medicines are funded within a fixed budget and because cost-effectiveness is only one of nine criteria that inform decisions. This Comment has explained that, from a theoretical perspective, the cost-effectiveness threshold model is not inconsistent with these two arguments. The observed annual variation in incremental cost-effectiveness ratios in New Zealand may originate from yearly differences in new medicines that request reimbursement and in the budget size, and from the fact that decision makers take into account other decision criteria in addition to cost-effectiveness.
Introduction
Economic evaluation is an instrument that assesses the value of a medicine by comparing the costs and outcomes of a medicine with those of a relevant comparator. Evidence derived from economic evaluations is used to inform pharmaceutical reimbursement (and/or pricing) decisions in many countries (see Table 1 ). The requirement for economic evaluation fits within an overall trend towards evidence-based decision making in health care [1] . The results of an economic evaluation can be expressed in the form of an incremental costeffectiveness ratio (ICER). This ratio relates the difference in costs between a medicine and the comparator to the difference in outcomes. The ICER is then compared with a threshold ICER, which reflects the maximum cost per unit of outcome that a health care payer is willing to pay for a medicine. This means that a medicine with an ICER below the threshold value is likely to be accepted by a health care payer and a medicine with a ratio exceeding the threshold is likely to be refused.
In a previous article, I provided an overview of threshold ICERs in selected countries [2] . In a comment on this article, Metcalfe and Grocott argued that New Zealand's Pharmaceutical Management Agency (PHARMAC) does not apply a threshold ICER for two reasons: first, New Zealand funds medicines within a fixed budget; and second, cost-effectiveness is only one of nine decision criteria used to inform decisions [3] . In the following sections, I comment on these two arguments.
Cost-Effectiveness Thresholds and a Fixed Budget

The Threshold ICER Model
The use of the ICER in informing decisions was originally proposed by Weinstein and Zeckhauser in 1973 [4] . These authors considered the case of a health care payer who could fund some, but not all medicines due to a budget constraint. It can be shown that, if medicines are ranked from the lowest to the highest ICER (in a so-called league table), health can be maximised by selecting medicines with increasing ICERs until the budget is exhausted. The ICER of the last medicine (i.e., the medicine with the highest cost per unit of outcome ratio) to be selected is called the threshold ICER.
The threshold ICER model draws on several assumptions, including the existence of a fixed budget, the use of health maximisation as the only criterion informing resource allocation decisions, the availability of complete information on costs and outcomes of all medicines and comparators in the league table, perfect divisibility and constant returns to scale of medicines. A fixed budget means that the size of the budget does not change within a specific time period. Perfect divisibility means that a health care payer can fund medicines in infinitely small units (thus avoiding the problem of indivisibilities). Constant returns to scale apply if the ICER does not depend on the volume of medicines.
Under this model, the size of the budget determines the value of the threshold ICER. If the budget increases, medicines with higher ICERs can be selected. If the budget decreases, only the medicines with the highest value for money (i.e., the lowest ICERs) can be selected. Therefore, as New Zealand funds medicines within a fixed budget, the corresponding threshold ICER can be calculated. Metcalfe and Grocott argued that the annual variation in ICERs for PHARMAC's investments over nine years (from NZ$−40,000 to over NZ$+200,000 per quality-adjusted life year (QALY)) provides evidence that New Zealand does not apply a threshold ICER [3] . This evidence is not inconsistent with the threshold ICER model: as the availability of new medicines that request reimbursement and the size of the budget differ from year to year, the observed annual variation in ICERs in New Zealand is to be expected.
Indeed, if a country applies a fixed budget, it follows that the value of the threshold ICER is likely to change over time. For instance, new medicines constantly enter the market and old medicines are withdrawn from the market. This implies that the medicines listed in a league table change over time, thus resulting in a new value for the threshold ICER. Similarly, if the productivity in the health care sector increases through, for example, substitution of generic medicines for originator medicines, a greater health improvement can be gained from the same budget. This implies that, if the size of the budget remains constant, then the value of the threshold ICER will decrease.
Threshold ICERs and Opportunity Costs
Metcalfe and Grocott correctly state that threshold ICERs do not explicitly consider opportunity costs (i.e., the health benefits forgone by choosing not to spend finite resources on alternatives), as they consider interventions in isolation to other potential investments [3] . Therefore, the replacement model has been proposed as an alternative to the threshold ICER model [5] . In order to assess the value of a new medicine A, the replacement model identifies an existing medicine B which, if cancelled, would generate at least enough resources to fund the incremental costs of medicine A. If the incremental outcomes associated with medicine A exceed the outcomes foregone from cancelling medicine B, then the health care payer can replace B with A, thereby increasing total health at the same or lower cost.
The advantages of the replacement model are that the assumptions underlying the threshold ICER model are not required for this decision rule. However, this model assumes that it is possible to identify a medicine B so that the resources freed up from cancelling B equal or exceed the additional costs of medicine A. Also, decision makers may find it difficult to discontinue paying for the medicine B that is replaced by the medicine A. Furthermore, the medicine B may not be the highest value alternative. Therefore, the replacement model enhances resource allocation decisions, but does not necessarily maximise population health subject to a budget constraint.
Cost-Effectiveness Thresholds and Other Decision Criteria
The Variable Threshold ICER Model
I agree with Metcalfe and Grocott [3] that the specification of a threshold ICER does not take into account the fact that decision makers may wish to account for other criteria in addition to costeffectiveness when assessing a medicine pricing/reimbursement decision. For instance, decision makers may wish to maximise population health subject to a budget, to reduce health inequalities in the population, to prioritise preventive over curative care, and to attach more importance to lifethreatening diseases. Therefore, decision makers may not wish to apply a fixed threshold ICER, but vary the threshold ICER according to the type of medicine, the type of disease, and the decisionmaking context. This may be the case for orphan medicines, i.e., medicines intended for the diagnosis, prevention or treatment of a life-threatening or chronically debilitating rare disease [6] . Given their high price for an often modest effectiveness, orphan medicines are unlikely to provide value if their cost-effectiveness ratio is compared to a fixed threshold value. However, other societal considerations may matter when evaluating an orphan medicine, such as the fact that these medicines tend to target life-threatening rare diseases for which there is no alternative therapy, and that these medicines have a considerable impact on patients' health care expenditures if they would have to incur the medicine costs themselves. The question arises as to how these various considerations can be aggregated. In other words, how can the often high cost-effectiveness ratio, weak clinical data, small health benefit, high cost and absence of an alternative therapy for orphan medicines be taken into account in a health care payer's decision to cover such a medicine [7] ? It has been argued that the value of the threshold ICER should be higher for medicines to which society attaches a high social value [8] . Orphan medicines may attract a high social value, although future research needs to elicit social values ascribed to various medicines and health technologies.
The observed annual variation in ICERs for PHARMAC's investments [3] is not inconsistent with a variable threshold ICER model, where decision makers take into account other decision criteria in addition to cost-effectiveness.
The variable threshold ICER model is applied in a number of countries. For instance, the Scottish Medicines Consortium has assessed the value of over 200 medicines from 2002 to 2005, including 39 cancer medicines [9] . Of these cancer medicines, 11 medicines were accepted, 15 medicines were accepted with restrictions, and 13 medicines were not recommended. A review of the 200 applications showed that fewer randomized controlled trials were available for cancer medicines and that cancer trials had a longer follow-up period than other medicines. There was evidence that a higher threshold ICER may apply to cancer medicines: although cancer medicines had a higher cost per QALY than non-cancer medicines (median of £15,000 (around US$24,309) per QALY versus £8,500 (around US$13,775) per QALY), acceptance rates were similar (66.7% versus 66.4%).
Multi-Criteria Decision Analysis
The fact that PHARMAC considers nine decision criteria to inform decisions can be seen as an application of multi-criteria decision analysis. According to multi-criteria decision analysis [10] , an expert panel defines the relevant decision-making criteria and their relative importance. Each criterion needs to be measurable, so that the degree to which a medicine attains the criterion can be assessed. Different techniques to aggregate the scores of a medicine on the different criteria can be applied to calculate the overall performance of a medicine. It follows that decision makers allocate resources based on the ranking of medicines according to their performance scores until the budget is exhausted.
Conclusions
This Comment has argued that, from a theoretical perspective, the threshold ICER model is not inconsistent with the fact that New Zealand funds medicines within a fixed budget and that costeffectiveness is only one of nine decision criteria used to inform decisions. The observed annual variation in ICERs in New Zealand may originate from yearly differences in the availability of new medicines that request reimbursement and the size of the budget, and from the fact that decision makers take into account other decision criteria in addition to cost-effectiveness.
